Introduction
HE deployment of wind energy in cold climate, covering both low temperature climate and icing climate, has grown rapidly in recent years. The BTM study [1] [2] [3] shows a cumulative capacity in cold regions of 127.5 GW by the end of 2015 and a forecast for the total installed capacity is 186 GW by the end of 2020, occupying nearly 30% of the global forecasted wind power market. The wind turbine power outputs in cold climate regions have the potential to increase by up to 10% due to the corresponding high wind speeds and increased air density 3, 4 . Unfortunately, there are also inevitably negative effects caused by the cold climate on both aerodynamic performance and lifespan of wind turbines 5 . The annual production losses are approximately ranging from 5% to 50% due to the altering profiles, modified convective transfer coefficients of the wind turbine blades, and the unexpected downtimes 6 . The additional ice masses accumulated on wind turbine blades will generate considerably deterministic loads and fatigues, which is further inclined to shorten the wind turbine's life expectancy 7 . Besides this, secondary effects such as ice ejection and increased noise may also lead to severe safety issues.
The icing events can be roughly divided into in-cloud icing (rime ice or glaze) and precipitation icing (freezing drizzle, and wet snow) 8 . In addition to this classification method, ice can also be described by using its own formswet snow, rime ice and glaze ice. Wet snow, partially melted snow crystals, usually occurs at temperatures ranging from 0 °C to +3 °C and is prone to intensively adhere to the object surface 8 .When the super-cooled water droplets impinge onto an object surface and they freeze immediately, rime ice will form. Otherwise, glaze ice will occur. Rime ice often happens at low temperatures and low liquid water content (LWC) levels, while glaze ice takes place at relatively higher temperatures and higher LWC levels. Different from the environments aircrafts undergo, wind turbines are more likely to experience freezing rains, freezing drizzles or wet in-cloud icing events, where glaze ice easily forms. Among various ice types, glaze ice is the most dangerous one. Due to the high liquidity, its shape is much more complicated and difficult to accurately predict 9 . For example, the "horn" and "feather" shapes of ice growing outward into the airflow 9 degrade the aerodynamic performance of wind turbines substantially ascribed to the surface deformation.
Researchers have conducted plentiful investigations on the icing mitigation techniques for wind turbines, including both passive and active ice protection techniques. The passive actions are often applied for anti-icing purposes while the active ice protection methods have both anti-icing and de-icing capacities. There are mainly three kinds of passive actions methods -coatings (i.e. ice phobic, hydrophobic 10, 11 ), thermal passive systems (i.e. black paint 12 ), and operational stops to prevent ice accretion. Active protection techniques consist of chemical methods (i.e. low-freezing-point coatings), mechanical methods (vibration 13, 14 or movement 12 ), thermal methods (i.e. hot air injection, resistive heaters, microwave heating 15 , plasma 16 ) and active pitch control (APC) method.
Among the aforementioned ice protection techniques, for most commonly-used pitch-control wind turbines, APC is the most effective and economical method to offset power output deficits under light icing events regarding long term effects 17 . Strictly speaking, APC is not capable to anti-/de-icing. It is a technique to compensate the aerodynamic degradation by pitching the wind turbine blades. As shown in Fig. 1 , the inflow angle equals the sum of pitch angle (PA) and angle of attack (AoA). Under a certain relative wind velocity, the inflow angle is fixed. By changing PA, AoA will be adjusted correspondingly, which will significantly affect the configurations of ice around the turbine blades 18 and further impact the aerodynamic performance of the wind turbine. To develop and promote the current APC method, the impact of AoA on the dynamic ice accretion process over the surface of wind turbine blades should be well understood. However, the present researches on this topic are rare and limited. Many important micro-physical phenomena associated with wind turbine icing are still unclear. The previous icing physics studies are concentrated on aircraft applications [19] [20] [21] [22] . Many special issues related to wind turbine icing have never been explored. In addition to the different operating environments, wind turbine blades are designed based on wind turbine dedicated airfoils, for example, DUxx-W-yyy, FFA W-xxx, S8xx series, and Riso-A1-xxx. These airfoils possess distinguished aerodynamic properties (i.e., high lift-to-drag ratio and low sensitivity to leading-edge contaminations), surface properties (i.e., roughness and thermal conductivity), and structural properties (e.g. larger thickness and blunt trailing edge) that differ from aircraft wings, which can alter thermal and aerodynamic properties of airfoil surfaces and interfere with the water runbacks during the icing processes. Therefore, a keen understanding of the impact of AoA variation on the ice accretion process over the surface of a wind turbine blade and the underlying icing physics is highly required.
With this in mind, an experimental study on was conducted in the Icing Research Tunnel at Iowa State University (ISU-IRT). A high-speed imaging system and an infrared (IR) thermometry imaging system were applied simultaneously to quantify the impact of AoA on the dynamic ice accretion process and corresponding time evolutions of surface temperature distributions over pressure-side and suction-side surfaces of a wind turbine blade American Institute of Aeronautics and Astronautics model. Four typical AoAs were selected in this study. Section II provides a detailed description of the test model, experimental setup, and case design. The experimental results at four typical AoAs were quantitatively compared and analyzed in Section III, followed by detailed explanations of leading-edge and trailing-edge dynamic ice accretion processes. Section VI gives a brief conclusion. The main findings derived from the experimental data not only can provide a better understanding of the effects of AoA on the dynamic ice accretion process, but also can be further utilized to develop and optimize APC strategies and theoretical/CFD-based ice accretion models. 
Experiments

A. Test Model
DU series airfoil profiles were developed by DUT for wind turbines with high geometric compatibility. They are asymmetric, cambered, low-speed airfoils and can be applied to optionally span-wise positions of wind turbine blades with respect to the thickness-to-chord ratio 23, 24 . As shown in Fig. 2 , DU91-W2-250, with a thickness-tochord ratio of 0.25, was widely used as an inboard airfoil for small-scale wind turbines in 1990s due to its strong structure strength. As the dimensions of wind turbines increased, it started to be utilized as a mid-span and outboard airfoil after 2010 because of its high lift-to-drag ratio in a low drag pocket and benign stall behaviors 23, 25 . It also has two distinguished features, the blunt trailing-edge and S-shape pressure-side surface. Therefore, the DU91-W2-250 airfoil profile was selected in this study. The turbine blade model based on it was produced by using a 3D printing technique with a hard plastic material named Vero White Plus. The chord length of the model is 152.4 mm. The pressure-side and suction-side surfaces of the model were coated with Primer and White Protective Enamel at first and then carefully polished with up to 2,000 grit sandpaper to achieve a smooth finish. As shown in Fig. 2 , the test model was supported with three stainless steel rods and mounted at its quarter-chord across the middle of the test section of ISU-IRT. The desired AoA of the test model can be adjusted in concert with a digital inclinometer. 
B. Experimental Setup
The wind turbine icing experiment was conducted at ISU-IRT. Figure 3(a) shows the schematic diagram of it. The test section is 400 × 400 mm 2 in dimensions with an approximately 3.0% turbulence level of the oncoming flow at its entrance. Four walls are optically transparent and can be substituted to satisfy the requirements for different experiments. The maximum wind speed and minimum airflow temperature the wind tunnel can generate are 60 m/s and -25 °C, respectively. The spray system, installed at the entrance of the contraction section of ISU-IRT, consists of arrays of pneumatic atomizing spray nozzles (Spraying Systems Co., 1/8NPT-SU11) to inject micro-sized water American Institute of Aeronautics and Astronautics droplets (10-50 µm in size) into the test section. The desired LWC in the wind tunnel and medium volumetric diameter (MVD) of the oncoming droplets can be achieved by regulating the water flow rate and air/water pressure through the spray nozzles, respectively. ISU-IRT has the capacity to simulate a wide range of icing conditions 21, 22, 26 , providing an excellent icing environment for wind turbine icing physics studies. The experimental configuration is shown in Fig. 3(b) . A high-speed camera (PCO Tech, Dimax) with a 50 mm lens (Nikon, 50 mm Nikkor 2.8D) was mounted 400 mm above the top panel of the test section to provide a top view with a pixel resolution of 10.69 pixels/mm. An IR inspection window (FLIR, IR Window-IRW-4C), with a transmission coefficient of 0.82, was embedded into the top panel with an offset of 115 mm forwards to its geometric center. An IR camera (FLIR, A615) was fixed at the position with a distance of 76 m to the center of the IR window, providing a field with a pixel resolution of 4.58 pixels/mm. The high speed camera and IR camera were synchronized and triggered by a pulse generator (BNC, Model 577) to start recording with a frame rate of 30 frames/s. The IR camera can detect waves in a range of 7.5-14 µm wave length. Note that the surface temperatures detected by IR camera represent the temperatures of the top layer medium. The emissivity coefficients of materials relevant to the experiment during the icing process are very close, 0.945 (airfoil model surface), 0.98 (water), and 0.96 (ice), respectively 27 . Besides, a surface thermocouple (Omega) was also taped onto the test model and connected to a J-type thermometer (Omega) to guarantee that the surface temperature of the test model is the same as the ambient air temperature before each test. The thermocouple was experimentally calibrated by comparing with the data provided by the IR camera. They agree with each other very well with an uncertainty of less than  0.2 °C. American Institute of Aeronautics and Astronautics Table 1 lists the designed cases. Four typical AoAs were selected as representatives. Case 1 (AoA = 0 °) represents the baseline case. While the clean turbine blade model achieves the maximum lift-to-drag ratio in Case 2 (AoA = 5 °), it produces the maximum lift in Case 3 (AoA = 10 °). When the AoA is 15 ° in Case 4, the clean model is in a benign stall state. A typical glaze icing condition was duplicated, in which oncoming flow velocity U∞ = 40 m/s, ambient temperature T ∞= -5 °C, LWC = 3.0 g/m 3 , and MVD = 10~50 µm. This icing condition presents one of the most common icing conditions for wind turbines operating in cold climates 3, 22 . The total icing duration for each case is 600 s. Both pressure-side and suction-side surfaces were measured to provide a thorough observation of the icing process on the turbine blade model. 
C. Case Study
Results and Discussion
The dynamic ice accretion process on DU91-W2-250 test model was divided into two gradations: early-stage and later-stage ice accretion processes. In this experiment, we chose the first 30-second icing process as the early stage while the later (30-600)-second icing process as the later stage. Figure 4 shows the snapshots captured by high-speed imaging system in the early stage for Case 1 where AoA = 0 °. Fig. 4 (a) shows the dynamic ice accretion process over the suction-side surface of DU91-W2-250 test model. The super-cooled water droplets carried by the oncoming flow impinged onto the area near the leading edge (LE) of test model and soon formed a thin water/ice film. The unfrozen water film expanded downstream and broke up into several isolated rivulets. These rivulets ran back quickly, almost reaching the trailing edge (TE). An unexpected discontinuity was observed in the random movements of the rivulets. The comparatively large thickness and camber of the test model might be one reason, and sublimation during the icing process should also be considered due to the local high velocity. The water layer was further supplemented by the subsequent water droplet impingements, leading to widening rivulets and thickening film. At t = 30 s, critical ice icicles can be seen clearly. Fig. 4 (b) shows the ice accumulation over the pressure-side surface. The general icing processes are similar with that over the suction-side surface. However, between these two sides of the model, the newly formed ice structures differed in geometric shape. The rivulet heads stopped earlier over the pressure-side surface and they merged with each other at t = 30 s. The S-shape pressure-side surface near the TE is responsible for this phenomenon. Figure 5 compares the early-stage ice accretion process over the suction-side surface of DU91-W2-250 test model at three different AoAs. As the AoA increases, it can be seen clearly that the ice impacted region shrinks. One reason is that the reduced impinging area results in a decrease of the water collected by the suction-side surface. Another reason is that the flow field around the blade model changes as AoA increases. When AoA is small, air flow can follow the blade model surface very well. As the AoA increases to a certain value, the air flow will start to separate from the TE. There are two interesting phenomena circled in Figs. 5 (b) and (c), respectively. One shows the isolated rivulet heads, the same with the aforementioned features shown in Fig. 4 . Another shows the ice accreted on the TE. More explanations will be demonstrated in Section III E. American Institute of Aeronautics and Astronautics Figure 6 presents the dynamic ice accretion process over the pressure-side surface. Compared to the suction-side surface, more ice mass accumulated on the pressure-side surface due to a larger water collection. As the AoA increases, the ice impacted area enlarges corresponding to the increasing impinging area. In Fig. 6 (c) , tiny ice structures could also be observed at the TE when t = 30 s. For the early-stage ice accretion process, the snapshots are not that informative due to the limited amount of ice accumulation. The data obtained by using IR thermal imaging technique can provide more concrete details in this stage. 
A. Early-stage Ice Accretion Process
B. Time Evolution of Surface Temperature during the Early-stage Icing Process
The temperature contours in this section correspond to the snapshots in Section III A. The dynamic icing process accompanies complicated unsteady heat transfers. As water freezes into ice, the temperature would increase rapidly due to latent heat liberation. Figure 7 shows the time evolutions of surface temperature over both the suction-side and pressure-side surfaces of the test model at AoA = 0 °. At the beginning, the model surface remained the same temperature with that of the ambient air. After the super-cooled water droplets hit onto the surface of the test model near the LE, an ice layer attached to the surface was formed due to the released latent heat caused by entire or partial freezing of the impinging water droplets. A water layer remained on the top of the ice layer. A portion of latent heat was conducted through the ice/surface interface or ice/water interface while some of them directly dissipated into the environment. The latent heat in the water layer then transferred into the ambient air by conduction. The release of latent heat resulted in a rapid temperature rise, contributing to the high temperature area. As shown in Fig. 7 (a) , near the LE, as the downstream distance increases, the surface temperature decreases correspondingly due to low water collection efficiency and freezing rate. Around the maximum thickness position of the blade model, there is an obvious low temperature region, where the thickness and width of the rivulets are relatively smaller than the further downstream parts. High temperature then appears at the heads of the rivulets. The pressure-side surface shows a similar trend. However, the rivulet heads are merging in a trumpet shape, which is caused by the lower shear force, a result of the lower velocity near the pressure-side surface. Figure 8 compares the suction-side surface temperature contours of the test model at AoA = 5 °, 10 ° and 15 °. The higher temperature regions present the ice impacted regions. The same as with the high-speed imaging results, as the AoA increases, the impacted region decreases, as shown in the IR results. After a quite uniform hightemperature region near the LE and a relatively low-temperature region of isolated rivulets, a mottled hightemperature region can be seen clearly. More latent heat liberates from this region. The discontinuity of the ice formation and randomness caused by the high liquidity leads to locally anomalous ice accumulations. In Fig. 8 (c) , the light blue spots near the TE indicate that at the very beginning of the icing process, there are ice accumulations at the TE. Figure 9 shows the pressure-side surface temperature contours. Compared to the suction-side surface results, the high-temperature region expands and the rivulets are more prone to merge with each other. As the AoA increases, the water runs back further downstream. At AoA = 15 °, it can be observed that the ice is building up, extending the TE, indicating that there might be complete water channels from LE to TE to transport water mass and then the water would shed from the TE to the model wakes. American Institute of Aeronautics and Astronautics Figure 10 shows span-wise-averaged surface temperature variations at the early stage of the icing process. The temperature variation ∆T at a certain moment is calculated with the reference temperature when t = 0. When t = 0, there is no water impingement onto the surfaces of the test model, and its temperature equals the ambient air temperature. X represents the stream-wise distance and it is normalized by the chord length of the test model. Figure  10 (a) shows the suction-side surface temperature variations at AoA = 0 °. At t = 1 s, a rapid rise of ∆T appears near the LE where X/C = 0.0, then it gradually decreases. Around about X/C = 0.6, a moderate growth of ∆T occurs caused by the larger liberation of latent heat from the rivulet heads. As the icing time increases, the peak value near the LE slightly increases, indicating that the temperature variation can soon achieve a balanced phase near the LE. As the unfrozen water continuously runs back, the ∆T changes expand from X/C = 0.2 at t = 1s to X/C = 0.5 at t = 4 s. The second peak region of ∆T becomes more and more obvious near X/C = 0.7, indicating that the bulge of ice accumulated here. Figure 10 (c) , (e), and (g) portrays the surface temperature distributions at AoA = 5 °, 10 ° and 15 °, respectively. Compared to the AoA = 0 ° result, the locations of the two 'peak' regions change. As AoA increases, the ∆T near the LE increases due to the increased concentration. The location of the downstream 'peak' region moves upward slightly. Interestingly, there is the third 'peak' around the TE shown in Fig. 10 (g ), indicating that a considerable ice accumulation around the TE at AoA = 15 °. Figures 10. (b) , (d), (f) and (h) show the surface temperature variations over the pressure-side surface. Compared to the corresponding results over suction-side surface at the same AoA, the impacted X/C extends and a similar pattern of two 'peak' regions occurs. As AoA increases, the location of the downstream 'peak' region moves in an opposite direction from the suction-side surface results. When AoA reaches 15°, a small area near the TE can also be considered as an impinging area. In Fig. 10 (h) , the bulge in ∆T near the TE is quite unique due to this reason. When t = 30 s, the curve for ∆T near the LE almost coincides with that of its previous moment, so that we consider it presents the end of the early stage of the ice accretion process.
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C. Later-stage Ice Accretion Process
After the early stage of the ice accretion process, the subsequent super-cooled water droplets continue to hit onto the upper water layer of the test model surface. High liquidity leads to the non-uniform and irregular shape of ice. In the later stage of the ice accretion process, the mainly ice impacted regions are relatively stable. Figure 11 shows the snapshots of the suction-side surface of DU91-W2-250 test model during the icing process with an interval of 100 s. Figure. 11 (a) illustrates the ice configurations at AoA = 0 °. Ahead of the LE, a large amount of ice mass piles up in the windward direction. Behind the LE, the thin ice/water films thicken and rough surface morphology can be observed. The ice icicles stand compactly on the surface and impede the water from further running downstream to fill the rivulets after t = 300 s. The rivulets are much thicker in the later stage than the early stage. They meander and merge with their neighbors and then form a thin and wide appearance. A large amount of water accumulates at the heads of the rivulets and freezes into arched ice icicles. The position of those arched ice icicles in the later stage is closer to the LE than that in the early stage. As AoA increases, the rivulet heads stop early and isolated rivulets are nearly completely merged into a thin film with little ice structures. Figure 12 compares the snapshots of the pressure-side surface during the icing process at four AoAs. The ice structures near the LE are similar to that of the suction-side surface with ice accumulation ahead of the LE, rough structures of ice film, relatively flat and thin rivulets, and bulges of rivulet heads. The larger water collection of the pressure-side surface resulted in more complicated ice shapes due to the high liquidity and mobility. As AoA increases, the ice impacted region expends tremendously and ice almost covers the entire surface in Case 3 and Case 4, as shown in Figs. 12 (c) and (d). At AoA = 0 °, a trivial ice can be observed at the TE. As AoA increases to 5 °, an obvious ice film appears at the TE. When AoA continues increasing to 10 ° and 15 °, the trailing-edge ice film connects and merges with the rivulet heads from upstream water runback. In Figure 12 (d), rough ice icicles build up on the TE, similar with the ice structure ahead of the LE. More explanations will be provided in Section III D and E. Figure 13 shows the final side-view photos of the ice accumulated model at t = 600 s. From the side view, we have impression of the ice configurations affecting the geometry of the model can. The ice accretes on nearly the entire model from the LE to TE. As AoA of the test model varies, the distribution of ice building up the model changes. The dynamic ice accretion process can be divided into leading-edge ice accretion and trailing-edge ice accretion with respect to the locations.
D. Leading-edge Ice Accretion
The LE is the ice impinging area under most conditions. The contaminations near the LE will greatly affects the aerodynamic performance of an airfoil profile due to the change of its precise geometry. Thus the leading-edge ice accretion is highlighted in this section. Figure 14 compares the normalized thickness of ice accumulated upon the LE of DU91-W2-250 test model. L LE is defined as the stream-wise thickness of ice ahead of the LE in the windward direction, as portrayed in Fig. 14 . The boundary line of ice in front of the test model was detected using the method proposed by Waldman 26 , and then a span-wise-averaged value was calculated and normalized by the chord length of the test model. As the time of icing process increases, normalized L LE increases linearly in all of the four cases. As AoA increases, no obvious variations of the LE ice thickness can be observed. The figure also gives the linear fitting curve of the LE ice thickness. The slope of the fitting curve represents the rate of ice growth. The normalized ice growth rates for four cases by Case 1 where AoA = 0 ° are 1.00, 1.05, 1.03, and 0.97. The values are very close to each other, indicating that the variation of AoA has limited effects on the ice mass concentrated on the LE. Figure 15 (a) shows a snapshot taken at t = 550 s, and it can be roughly divided into three regions. From region 1 to region 3, air flow accelerates at first, reaches a maximum velocity in region 2, and decelerates in region 3. The velocity of air flow has great impact on the shear force, which will further affect the ice configurations. For the clean test model without any ice formation, the flow attaches to the suction-side surface well and only near the TE can small vortices can be observed. At the early-stage ice accretion process, the rivulets stretch downstream to almost the middle of region 3. However, with the accumulated ice on the surface, air flow cannot remain attached to the surface and the separation region near the TE enlarges towards the LE. Figure 15 (b) zooms in the snapshot at t = 600 s. Rough structures of icicles growing ahead of the leading edge can clearly be seen. Two interesting phenomena are highlighted with red circles. One is the bulge of rivulet heads. A larger amount of water in the head of the rivulet and it stops at a certain location on the surface due to the force balance. The following water layer continues supplementing the current rivulets and forms a larger head, as shown in Fig. 15 (c) . If it solidifies quickly, it is more likely to retain the shape circled in Fig. 15 (b) . If not, it might break American Institute of Aeronautics and Astronautics up and the big circle shows one of the results. A mass of water sheds from upstream water layer and splashes at a certain downstream region. Figure 16 demonstrates the leading-edge ice accretion over the pressure-side surface of the test model. As aforementioned, the velocity of flow around region 2 is higher than the other two regions. The stagnation points are in the region 1. Around AoA = 10 °, air flow completely attaches to the pressure-side surface. But due to the geometric shape of the surface near the TE, it is difficult for rivulets to totally cover that concave (S-Shape) region. Figure 16 (b) portrays the outline of an icicle. Figure 16 (c) shows the three types of the water rivulet transformation. Due to the higher pressure on this side of surface, it is not easy for the water layer holding a bulge shape. It may further move forward driven by the air flow, as shown in Type 1. It may directly break and splash onto the downstream surface (see Type 2) . And it may also break into small water droplets carried away by air flow. 
E. Trailing-edge Ice Accretion
Trailing-edge ice accretion indicates the ice builds up near the TE region. Figures 17 and 18 provide the snapshots of trailing-edge ice over the suction-side and pressure-side surfaces of the test model. The three regions have the same meaning as those in Figs. 15 and 16 . In Fig. 17 (c) and Fig. 18 (c) , the schematic diagrams show the flow field around the ice accumulated test model. For the suction-side surface, there is a pair of counter-rotating vortices. The super-cooled water droplets carried by the oncoming flow would attach onto the TE, as well as the shedding water droplets from the upstream water layer. The downwash aids the water droplets hitting the surface, and results in the spotted ice accumulation, as shown in Fig. 18 (b) . DU91-W2-250 test model has a blunt trailingedge, as shown in Fig. 17 (c) . There is also a small vortex behind the TE at a relatively large AoA, which is also responsible for the trailing-edge ice accretion. For the pressure-side surface, ice built up near the LE similarly produces flow separations. As shown in Fig. 18 (b) , it can be observed that a thin water film stretches against the oncoming flow direction. If AoA is large enough, the trailing-edge film may finally merge with the rivulets from the LE, as shown in Case 4 where AoA = 15 °. As the icing time increases, an ice accumulation beyond the TE can be seen clearly. 
Conclusions
An experimental study was conducted in IRT-ISU to investigate the impact of AoA variations on the dynamic ice accretion process over both suction-side and pressure-side surfaces of DU91-W2-250 test model. A high-speed imaging system was applied to record the transient behaviors of water rivulets and the dynamic ice accretion process while an IR thermal imaging system was simultaneously utilized to measure the corresponding surface temperature variations during the icing process. A typical glaze ice condition (T ∞ = -5 °C, U ∞ = 40 m/s, LWC = 3.0 g/m 3 .) was simulated in this study to present the environment a wind turbine might experience. The test model operated at four typical AoAs during the icing process from 0 ° to 15 ° with an even interval of 5 °. The icing process at these four AoAs over both pressure-side and suction-side surfaces were compared and analyzed, followed by the explanations for leading-edge and trailing-edge ice accretions. The main conclusions were: (a) AoA was found to affect the dynamic ice accretion process over the turbine blade surface model significantly. As AoA increases, while the ice accretion over the suction-side surface was found to decrease due to less water collection, the ice structures accreted over the pressure-side surface were found to increase.
(b) The geometric configuration of the test model has a significant impact on the adjacent flow field, which directly affects the ice accretion process. Two 'peak' regions in surface temperature distributions were observed for this test model, mainly due to the surface water runback over the ice accreting blade model caused by its large thickness, camber, and high liquidity under the glaze icing condition. As AoA increases, the downstream 'peak' region in surface temperature distributions moves upward over the suction-side surface, while it moves further downstream over pressure-side surface.
(c) As AoA increases, the stream-wise ice thickness ahead of the LE and its growth rate remain the same, indicating that the leading-edge thickness is independent to the AoA.
(d) The ice accumulated on the test model was found to alter its shape significantly, leading to large-scale flow separations, which would affect the icing process subsequently. The large-scale separations could be one of the reasons for the trailing-edge ice accretion process.
